ABSTRACT: A total of 295 goats from 4 breeds (Alpine, n = 74; Angora, n = 75; Boer-cross, n = 73; Spanish, n = 73) were used to assess the retention of 3 types of electronic ruminal boluses (B1, 20 g, n = 95; B2, 75 g, n = 100; and B3, 82 g, n = 100) according to breed and feeding conditions. Time for bolus administration, reading with a handheld reader, and animal data recording (goat identification, breed, and bolus type) were registered. Each goat was also identified with 1 flag-button plastic ear tag (4.6 g, 51 × 41 mm). Retention of boluses and ear tags was regularly monitored for 1 yr. Ruminal fluid in 5 goats from each breed and management group was obtained with an oro-ruminal probe at 2 h after feeding. Ruminal pH was measured at 24 h and at wk 1, 2, 3, and 4 and used as an indicator of feeding conditions on rumen environment. Time for bolus administration differed by bolus type (B1, 14 ± 2 s; B2, 24 ± 2 s; B3, 27 ± 2 s; P < 0.05) and goat breed (Alpine, 34 ± 3 s; Angora, 17 ± 2 s; Boer-cross, 16 ± 1 s; Spanish, 19 ± 2 s; P < 0.05), although differences were due to greater times for B2 and B3 in Alpine goats. Time for bolus administration averaged 22 ± 1 s, and overall time for bolusing, reading, and data typing was 49 ± 1 s on average. Ruminal pH differed according to breed and feeding management (lactating Alpine, 6.50 ± 0.07; yearling Alpine, 6.73 ± 0.07; Angora, 6.34 ± 0.06; Boer-cross, 6.62 ± 0.04; Spanish, 6.32 ± 0.08; P < 0.05), but no early bolus losses occurred; rumen pH did not differ according to bolus type (B1, 6.45 ± 0.05; B2, 6.39 ± 0.07; B3, 6.49 ± 0.05; P > 0.05). At 6 mo, electronic boluses showed greater retention than ear tags (99.7 vs. 97.2%; P < 0.05). At 12 mo, bolus retention was 96.3, 100, and 97.8% for B1, B2, and B3, respectively, not differing between B1 and B3 (P = 0.562). No effect of breed and bolus type on bolus retention was detected. No goat losing, at the same time, both bolus and ear tag was observed. Ear tag retention (91.7%) was less (P < 0.05) than all types of bolus (98.1%) on average. Ear tag retention in Boercross (98.6%) and Alpine (96.9%) goats was greater (P < 0.05) than in Spanish (88.7%) and Angora (82.9%) and tended to differ (P = 0.095) between Spanish and Alpine. In conclusion, unlike flag-button visual ear tags and mini-boluses used here, properly designed boluses (e.g., standard bolus) met International Committee for Animal Recording and National Animal Identification System retention requirements for goat identification under US conditions and are recommended in practice.
INTRODUCTION
Permanent and reliable animal identification (ID) is a primary goal for the implementation of animal traceability systems. Electronic identification (e-ID) by using radio frequency (RFID) passive transponders improves traceability due to faster monitoring of livestock and easier management of databases for inventory and movements between premises.
Different e-ID devices have been tested in domestic ruminants, including injected transponders, electronic ear tags, and rumen boluses (Conill et al., 2000; JRC, 2003; Carné et al., 2009 have yielded a retention rate greater than 99% in sheep and cattle (Caja et al., 1999; Ghirardi et al., 2006 Pinna et al., 2006; MAPA, 2007) , which might be influenced by breed and feeding management (MAPA, 2002; Capote et al., 2005) . In the United States, goat ID is widely implemented under the National Scrapie Eradication Program, with a variety of ID methods in use (CFR, 2008) . To harmonize the ID methodology, visual ear tags have been chosen as the de facto standard device for the current deployment of the National Animal Identification System (NAIS); the use of electronic ear tags is optional (USDA, 2008a) . Conversely, injected transponders are the recommended devices for Camelid ID (USDA, 2008c) and are also being suggested for goats where poor performance of ear tags occurs (USDA, 2006b ). Little information is available on the use of boluses for the e-ID of goats in the United States.
The objective of this work was to assess the longterm performance of 3 types of ruminal bolus compared with a visual ear tag in different goat breeds under US conditions; the effects of breed and feeding management on early losses were also investigated.
MATERIALS AND METHODS
The experimental procedures and animal care conditions were approved by the Langston University Animal Care Committee.
Animals and Management
A total of 295 female goats from 4 breeds (Alpine, dairy purpose, n = 74; Angora, fiber purpose, n = 75; Boer-cross, meat purpose, n = 73; and Spanish, meat purpose, n = 73) belonging to the research farm of the E. (kika) de la Garza American Institute for Goat Research of Langston University, Langston (OK) were used. All the animals were adult goats, except for the Alpines, where 2 balanced groups of lactating does (n = 38) and yearlings (n = 36) were established to evaluate the different feeding conditions dependent on physiological stage. Boer-cross goats were at least 3/4 Boer.
The Angora, Boer-cross, and Spanish goats remained allocated to different outdoor paddocks according to breed and rotationally grazed on Oklahoma native grass and Bermuda (Cynodon spp.) pastures. Paddocks were over-seeded in the fall with pasture-mix (50% wheat, 40% rye, and 10% vetch) at a seeding rate of 135 kg/ha with a fertilization (18-46-0) rate of 225 kg/ha. The Angora, Boer, and Spanish goats were also supplemented with commercial low protein pellets (CP, 13.3%) during spring-summer, and with high protein pellets (CP, 20.3%) during fall-winter (Stillwater Milling Inc., Stillwater, OK), offered at approximately 0.25 kg per animal. Alpine goats were fed good quality alfalfa hay; during lactation Alpine does were milked twice a day (0600 and 1700 h) and provided concentrate (CP, 15.6%; ME 2.7 Mcal/kg; Ca, 1.5%; P, 1.0%) in the paddock before the p.m. milking. Goats in the study had free access to round bales of prairie, Bermuda, and wheat hay placed in raised, portable metal half round feeders, as well as to mineral blocks and fresh water.
Each goat was dewormed (Prohibit, Agri Laboratories, St. Joseph, MO) twice a year in October and December; Angora and Spanish goats were also dewormed and deloused with a pour-on insecticide (Ectrin, Fermenta Animal Health Company, Kansas City, MO) before shearing in late February and after shearing in March. Boer does were deloused (Atroban, Coopers Animal Health, Kansas City, MO) in April.
Goats were given a booster vaccination for enterotoxaemia and tetanus prophylaxis (Vision CD-T & Spur, Intervet, Millsboro, DE) in February, and Spanish goats received an additional vaccination (Covexin, Intervet, Upper Hutt, New Zealand) in mid April. Breeding was scheduled from mid October to early January, and kidding season started in mid March and ended in early June.
Administration and Monitoring of Identification Devices
Each goat was visually identified with 1 standard flag-button plastic ear tag [4.6 g, 50.8 × 41.3 mm (flag dimensions); Allflex USA, Dallas, TX] with opened locking system and a 3-to 5-digit animal ID code printed for farm management purposes. Goats were also electronically identified with cylindrical ruminal boluses (Rumitag, Esplugues de Llobregat, Barcelona, Spain) made of atoxic and dense ceramic materials, according to the patents of the European Community et al. (1998) and . Three types of bolus were used, with the following features (material, weight, length × o.d., and specific gravity): B1 (zirconia, 20.1 g, 56.4 × 11.2 mm, and 3.9; n = 95), B2 (alumina, 75.0 g, 68.2 × 21.0 mm, and 3.4; n = 100), and B3 (alumina, 82.1 g, 69.1 × 21.2 mm, and 3.6; n = 100). Distribution of boluses according to goat breed and bolus type is shown in Table 1 . The B1 bolus was a small-sized type specially designed for early administration in lambs and kids. The B2 and B3 types were standard dimensioned boluses for administration in replacement sheep and goats of more than 3 mo of age. Each bolus contained a half-duplex, read-only, glass encapsulated transponder of 32 × 3.8 mm (Ri-Trp-RR2B-06, Tiris, Almelo, the Netherlands). Serial numbers of transponders included the manufacturer code (Rumitag, 964) and a 12-digit serial number, in accordance with both the list of manufacturer codes of the International Committee for Animal Recording (ICAR, 2008) and the ISO (International Organization for Standardization) 11784 stan-dard on animal electronic ID (ISO, 1996a) . Transponders worked at a frequency of 134.2 kHz, in agreement with the ISO 11785 standard (ISO, 1996b) .
Boluses were administered by trained operators by using balling guns adapted to each bolus type (Rumitag). For administration, one assistant restrained each goat between their legs, holding the head of the goat to maintain it in a natural position. Subsequently, one operator held the jaw of the goat by the region without teeth (diastema) and introduced the balling gun laterally into the mouth through this same region. The balling gun was then centered to frontally reach the bottom of the oropharyngeal cavity (base of the tongue), and the bolus was released with a slight backward movement, stimulating the reflex of deglution similarly as indicated by Caja et al. (1999) . After administration, each bolus was read in static conditions (animals restrained) by using a full-ISO RFID handheld transceiver (reader; Ges2S, Rumitag). For the readings, a directional caudo-cranial sweep in the abdomen region was performed to ensure that the bolus suitably reached its final location in the reticulorumen. Time required for bolus administration with the goats previously restrained, and for reading and data typing (ear tag animal ID, goat breed, and bolus type) on the transceiver were recorded for each goat; breed and bolus type data were entered into the reader from a previously configured drop-down menu. Administration difficulties were monitored by registering the number of bolus administration attempts; an administration attempt was registered when the bolus was not swallowed but expelled immediately after being released into the mouth of the animal. Attempt rate was expressed as follows: number of administration attempts/number of boluses administered.
Any additional incidence during bolusing was also registered. After administration, all boluses were read in static conditions at d 1, wk 1, 2, 3, and 4, mo 2, and thereafter every 2 mo until 1 yr. Retention of ear tags was monitored with the same schedule as boluses.
Retention of both ear tags and boluses was expressed as follows:
Retention rate (%) = (number of retained devices/ number of monitored devices) × 100.
All goats that were culled, slaughtered, or died during the study were monitored and boluses recovered.
Ruminal pH Measurements
To evaluate the influence of feeding management on the event of bolus early losses (1 mo), ruminal pH was used as an indicator of ruminal conditions. For this purpose, ruminal fluid samples (approximately 50 mL) were collected 2 h after morning feeding (0700 to 0900 h depending on breed and paddock) in 5 goats from each breed and feeding management (lactating and yearling Alpines) chosen at random the day after bolusing and thereafter at wk 1, 2, 3, and 4. Thus, a total of 125 ruminal fluid samples from different animals were collected. A plastic oro-ruminal probe (150 × 12 mm) and a manually managed suction pump were used for the ruminal fluid extraction. A toothguard was used to prevent goats from biting the probe. To lessen the effect of saliva contamination on pH values, probing was performed as quickly as possible by an experienced operator, and both the toothguard and the probe were rinsed after each ruminal extraction. The pH measurements were performed immediately after collection by using a portable pH meter (Accumet 1003, Fisher Scientific, Pittsburgh, PA).
Statistical Analyses
Least squares means of time for bolus administration, reading, and animal data recording, as well as for administration attempts, were obtained with the GLM procedure (SAS Inst. Inc., Cary, NC). Factors considered were type of bolus, goat breed, interaction, and the residual error. Ruminal pH measurements were also analyzed by using the GLM procedure (SAS Inst. Inc.), and factors considered were goat breed, feeding management (Alpine yearling and lactating does), sampling date, their 1-way interactions, and the residual error.
Retention of ID devices was analyzed with the CAT-MOD procedure (SAS Inst. Inc.) on the basis of the categorical nature of these variables. A Logit model with an estimation method of maximum likelihood (Cox, 1970) was used, evaluating the effects of type of ID device, goat breed, and their interaction. Significance was declared at P < 0.05, and factors that were not significant (P > 0.20) were removed from the final model.
In addition to the Logit model, a Kaplan-Meier nonparametric survival analyses and log-rank tests of equality across strata was performed for the ID devices with the LIFETEST procedure (SAS Inst. Inc.), as previously done by Fosgate et al. (2006) and Carné et al. (2009) . These analyses allowed the retention of ID devices to be compared throughout the entire period of study without excluding right censored data (animals that left the study before a device was lost). Survival monitoring started at device administration and, as continuous goat monitoring was not possible, time of animals leaving the study was registered as intervalcensored data.
RESULTS AND DISCUSSION
At the end of the 1-yr study, 265 (89.8%) of the initially identified animals remained monitored. A total of 10 goats were culled, and 20 goat deaths were registered. No casualties were related to bolus administration, and annual mortality rate averaged 6.8%. This value is within the range of 3.6 to 9.7% observed at the research farm in the different goat breeds from au- 
Boluses Administration and Animal Data Recording
Bolus administration records are shown in Table 2 . Time for bolus administration differed (P < 0.05) by bolus type and goat breed. Nevertheless, no differences (P > 0.05) were observed among Angora, Boer-cross, and Spanish goats. Thus, differences were mainly due to administration in Alpine goats, where times for B2 and B3 administration were greater (P < 0.05) than in the other 3 breeds. Alpine goats received boluses just after being fed, and in many cases some feed was still in their mouths. This seemed to complicate the administration of standard sized boluses and thereby increased the time for bolus administration. To our knowledge, this observation has never been reported when administering ruminal electronic boluses. In addition, Alpine goats were dehorned, which made restraining the head more difficult before administration of boluses.
Difficulties for administration of standard sized boluses (B2 and B3) in Alpines is also supported by the attempt rate, which was less (P < 0.05) for B1 mini-bolus (1.12) than for B3 (1.60) and tended to be less (P = 0.089) than for B2 (1.50). Similar to what was observed for bolus administration time, overall attempt rate value for B1 (1.06) was less (P < 0.05) than for standard sized boluses (B2, 1.20; B3, 1.21; Table 2 ); therefore, the use of a small-dimensioned B1 bolus alleviated administration difficulties such as those observed with standard sized boluses in Alpine goats. On the contrary, no differences in attempt rate (P > 0.05) among boluses were observed for the other 3 breeds, averaging 1.04, 1.12, and 1.08 for B1, B2, and B3, respectively. As might be expected according to the aforementioned results, average attempt rate for bolus administration was greater (P < 0.05) in Alpines (1.40) than in the other 3 breeds (1.03 to 1.12). Within a row, values with different superscripts differ (P < 0.05).
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For the administration time and overall identification time, values with different superscripts within a column differ (P < 0.05). Significant breed × bolus type interaction (P < 0.05).
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Time for administration, reading, and data typing on a handheld transceiver.
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Data recorded: animal ID (3-to 5-digit code printed in the ear tag), goat breed, and bolus type (breed and bolus type from a drop-down menu previously configured). Attempt: when a bolus is expelled without being swallowed just after being released into the mouth of the animal. One B3 bolus broke after falling out and hitting the concrete ground in an indoors paddock when administered to an Alpine goat. Carné et al. No differences in time for B1 administration were observed among goat breeds; however, B1 times were less (P < 0.05) than those for B2 and B3 (Table 2) . In addition to these results, an interaction (P < 0.05) between breed and bolus type was detected for both administration time and attempt rate. Overall time for bolus administration averaged 22 s (Table 2) , which was deemed suitable for the implementation of this e-ID methodology in practice. Using similar sized boluses, Caja et al. (1999) indicated times of 24 and 26 s for their administration in sheep and goats, respectively.
No apparent health disturbances or injuries to the goats were observed due to administration of the 3 bolus types at bolusing and in the subsequent reading controls, agreeing with the fact that this kind of boluses can be safely administered by trained operators to yearling goats and sheep with BW greater than 20 and 25 kg, respectively (Caja et al., 1999) . Apart from administration attempts, the only incidence registered during bolusing was the breakage of 1 B3 bolus, which was expelled by an Alpine goat and broke when it fell to the concrete flooring. The bolus was discarded, and a new one was administered to the same goat. Despite the small format of the Angora goats, no specific difficulties for bolus administration were reported.
As might be expected, time for reading and data typing (ear tag ID code, breed, and bolus type) on the handheld reader did not differ (P > 0.05) among breed and bolus type, averaging 27 ± 1 s. Overall time registered for bolus administration, reading, and data typing only differed (P < 0.05) for Alpine goats, and between B1 and the other 2 bolus types (B2 and B3), similar to observations for bolus administration. On average, time for completed ID of goats with rumen boluses averaged 49 s (Table 2) . By using mini-boluses, Ghirardi et al. (2007) reported average time for ID of lambs (8 to 10 kg of BW) of 35 s. Similar mini-boluses were used by Carné et al. (2009) , who indicated average times for goat kids (7 kg of BW) ID ranging from 26 to 28 s, but time for restraining was not taken into account. The time observed in our results for the administration of standard sized boluses, reading, and data typing on the reader (53 ± 2 s) was less than that reported by Caja et al. (2003) using similar boluses in yearling and adult sheep (71 s) in the United States, but in that study time for animal restraining was included (G. Caja, personal communication).
Ruminal pH and Short-term Retention of Identification Devices
Ruminal pH differed (P < 0.05) according to both goat breed and feeding management (lactating vs. yearling Alpine), and was 6.49 ± 0.03 on average. Decreased values were observed in Angora (6.34 ± 0.06) and Spanish (6.32 ± 0.08) goats, which differed (P < 0.05) from those in yearling Alpines (6.73 ± 0.07), Boer-cross (6.62 ± 0.04), and lactating Alpines (6.50 ± 0.07). Differences were also detected (P < 0.05) between lactating Alpines and the rest of breeds under study. Moreover, an interaction (P < 0.05) between goat breed and sampling date was observed. Although ruminal fluid collection by using an oro-ruminal probe may cause overestimation of pH values due to saliva contamination (Geishauser and Gitzel, 1996) , results obtained remained within a normal physiological range.
On the contrary, no differences on the ruminal pH according to bolus type were observed (B1, 6.45 ± 0.05; B2, 6.39 ± 0.07; B3, 6.49 ± 0.05; P > 0.05), and no interaction with bolus type was detected for breed or sampling date. According to our results, standard sized boluses did not affect rumen environment when compared with mini-boluses. Earlier studies reported no adverse effects of different types of ruminal boluses on feed intake, digestibility, reticulorumen anatomophysiology, and production performance (Caja et al., 1999; Garín et al., 2005; Antonini et al., 2006; .
Losses of unsuitably designed boluses are mainly caused by regurgitation (Caja et al., 1999; Fallon, 2001; Garín et al., 2005) , although passage of small sized boluses through the reticulo-omasal orifice is not discarded Carné et al., 2009) . As long as no early losses occurred in our study, no relationship between ruminal conditions and bolus retention could be established. It must be highlighted that the majority of bolus losses in goats in Europe have been reported in dairy breeds managed in intensive conditions (MAPA, 2002; JRC, 2003) , with concentrate-based diets. With this regard, this goat herd in the United States is essentially managed under semi-intensive conditions, which might be a factor of major relevance for the retention of rumen boluses.
Long-term Retention of Identification Devices
Long-term retention of the different ID devices until 1 yr and the contrasts between devices obtained with the Logit model are shown in Figure 1 . In this case, devices with no registered losses (100% retention rate) could not be statistically analyzed. With regard to boluses, only the loss of 1 B1 in a Boer goat was registered before 4 mo, which occurred by regurgitation when having the animal sedated and inverted on an operating table during a laparoscopic surgery; influence of this management on bolus losses remains a topic for further research. On the other hand, 7 losses of ear tags were registered at that time, and retention of boluses (99.7%) and ear tags (97.6%) tended to differ (P = 0.067). Ear tags did not meet the 98% retention in the year after tagging required for official ID by the International Committee for Animal Recording (ICAR, 2007) , although remained above the 95% retention rate indicated by the USDA for ID of sheep and goats within the NAIS (USDA, 2008b). At 6 mo, no additional losses occurred except for 1 more ear tag, and the difference between bolus and ear tag retention (2.5%; P < 0.05) was similar to that observed at 4 mo (2.1%; P < 0.07). At 1 yr, 4 more bolus losses occurred, 3 of them (2 B1 and 1 B3) in Angora goats and 1 (B3) in a Boer goat, thereby resulting in an overall bolus retention of 98.1%.
With regard to ear tags, retention at 8 mo (94.5%) already fell under the NAIS requirements (USDA, 2008b) . Likewise, a total of 22 ear tag losses were registered at 1 yr, leading to a final retention rate of 91.7%. At 1 yr, ear tag retention continued to be less (P < 0.05) than bolus retention.
As anticipated, the mini-bolus (B1) showed the least retention (96.3%) at 12 mo, although not different (P = 0.562) from the retention rate for B3 (97.8%); the retention of B2 was 100%. Although small losses did not allow differences to be established, reduced retention of the heavier bolus (B3) with respect to standard B2 was unexpected as the increment of weight and specific gravity of boluses have been demonstrated to improve their retention in the reticulorumen of cattle, sheep, and goats (Fallon, 2001; Ghirardi et al., 2006; Carné et al., 2007) . When considering mini-bolus (B1) and standard sized boluses (B2 and B3) as 2 groups of devices, retention tended to be greater for the standard sized boluses (99.5 vs. 96.3%; P = 0.093) at 10 mo, but no difference could be established at the end of the study (standard sized boluses, 98.9% vs. B1, 96.3%; P = 0.175).
Retention of ear tags tended to be less (P = 0.063) than B3, whereas no difference (P = 0.173) was observed with respect to B1. Due to lack of losses, no contrast between B2 and ear tags could be carried out with the Logit model, although a difference (P < 0.05) between ear tags and overall standard sized boluses (B2 and B3) was detected.
Results obtained with the Kaplan-Meier nonparametric survival analyses are shown in Table 3 . The Kaplan-Meier estimated values of retention were slightly greater (0.2% on average) than actual values, which was expected according to the low number of censored data before the end of the 1-yr study. Estimated retention of standard sized boluses (B2 and B3) were greater (P < 0.05) than ear tags; moreover, B2 estimated retention tended to be greater (P = 0.07) than B1.
According to our results, retention of B1 did not fulfill ICAR requirements (>98%) after mo 8, and neither did B3 at 1 yr. Different authors have reported unsuitable retention of mini-boluses in different goat breeds (MAPA, 2007; Carné et al., 2009) . Conversely, the use of properly designed standard sized boluses has shown suitable retention results in most European goat breeds (JRC, 2003; Pinna et al., 2006) , except for the case of some Spanish goat breeds where bolus retention has turned out to be highly variable (JRC, 2003; Capote et al., 2005; MAPA, 2007) . Properly designed mini-and standard-sized boluses have shown retention rates greater than 98% in different sheep breeds in the United States (Caja et al., 2003) and Europe (Ghirardi et al., 2006; MAPA, 2007) .
Retention of boluses and ear tags according to goat breed throughout the 1-yr study are shown in Figure 2 , as well as the contrasts between breeds obtained with the Logit model. Retention of boluses in Angora (97.2%) fell under ICAR requirements at 8 mo after administration. At 12 mo, retention in Alpine was 100%, whereas no differences (P > 0.05) were observed among Boercross (98.5%), Spanish (98.4%), and Angora (95.8%). The majority (60%) of bolus losses occurred in the latter breed, whose size and BW is markedly less than in For each reading control, devices with different letters tended to differ (P < 0.1). No statistical contrasts were done when retention rate values were 100%.
the other 3 breeds in the study; no losses occurred in the larger breed (Alpine). Thus, in addition to a possible breed and management effect, the BW of the goats (not determined in the current study) might affect the retention of boluses. Angora goats in our study were sheared between the 6-and 8-mo reading measurements, during which time 2 of the 3 bolus losses occurred. Though no in situ loss was observed during shearing, possible effects of this kind of specific management on bolus losses need to be studied in thorough detail. At the end of the study, only bolus retention in Angora goats did not meet the ICAR requirements. This was mainly due to mini-bolus performance because standard sized bolus (B2 and B3) retention was 98%. Even so, all boluses tested met the retention requirements for official ID within the NAIS (USDA, 2008b) .
In the case of ear tags, no differences in retention according to breed were detected until mo 8, when retention of ear tags in Alpine (97.0%) and Boer-cross (98.6%) was greater (P < 0.05) than in Angora (87.5%). Ear tag losses in Angora goats due to accidentally cutting off the ear tag during shearing has been remarked by the NAIS Goat Working Group (USDA, 2006b). Despite observing the greater increment of ear tag losses (7.2%) at the subsequent reading after shearing (mo 8), the specific cause of losses was not monitored. At the end of the 1-yr study, ear tag retention in Boer-cross (98.6%) and Alpine (96.9%) were greater than in Spanish (88.7%) and Angora (82.9%); moreover, retention in Alpine and Spanish tended to differ (P = 0.095). Only the retention rate of ear tags in Boer-cross goats met ICAR requirements (>98%). Morphological ear differences between breeds seem to be mainly responsible for the retention variability of the ear tags used, although different management and pens allocation may have contributed to ear tag loss as well. As indicated for the boluses, materials and proper design of ear tags are key factors to optimize their retention rate. In this regard, the button-flag ear tags used in this study proved not to be efficient devices for goat ID. To our knowledge, no bibliographical references on the retention of visual ear tags in goats are currently available. Carné et al.
(2009) tested flag-button and button-button electronic ear tags in Murciano-Granadina dairy goats in Spain and reported an optimum long-term performance of the latter. In the United States, the NAIS Goat Working Group has pointed out a high incidence of ear tag losses, as well as drawbacks when dealing with goat breeds where small ear size does not permit the suitable application of ear tags (USDA, 2006b). Within this framework, the use of alternative ID devices such as injectable transponders is under consideration. In fact, injectable transponders of small size (12 mm in length) have been recommended instead of ear tags for the deployment of the NAIS in camelids, although proper site for injection remains under study (USDA, 2006a (USDA, , 2008c . Performance of injectable transponders depends on their size and the injection site (Conill et al., 2000; Carné et al., 2009 ), which may bring about an increased number of early losses before the injection site heals, as well as subcutaneous migration and the impossibility of efficient removal from carcasses (Klindtworth et al., 1999; Conill et al., 2000) . Moreover, the use of small transponders dramatically diminishes their reading distance and causes poor dynamic reading efficiency.
Supplementary to retention rate and reading performance, guaranteeing the certainty of available animal ID data is another relevant issue, regardless of whether mandatory or voluntary ID programs are deployed. Only tamper-evident devices are accepted under NAIS provisions (e.g., ear tags). Nevertheless, internally applied devices (e.g., intramuscular or intraperitoneal injected transponders and ruminal boluses) may be satisfactory because they are extremely hard to remove. However, the main drawback of internally applied e-ID devices is the need for additional visual ID for routine management whenever RFID readers are not broadly available. In this regard, it must be underlined that no goat losing at the same time both bolus and ear tag was observed, which supports the idea of implementing dual ID systems with devices from different ID methodologies to optimize animal traceability. Within a row, values with different superscripts differ (P < 0.05).
Within a row, values with different superscripts differ (P < 0.1). 1 Abbreviations: B1, mini-bolus 20.1 g and 56.4 × 11.2 mm (Rumitag, Esplugues de Llobregat, Spain); B2, standard sized bolus 75.0 g and 68.2 × 21.0 mm (Rumitag); B3, standard sized bolus 82.1 g and 69.1 × 21.2 mm (Rumitag) .
2 Visual flag-button plastic ear tag, 4.6 g and 50.8 × 41.3 mm (flag dimensions; Allflex USA, Dallas, TX). 3 Devices in which the event was not observed or which left the study before 1 yr after application. 4 Devices lost.
In conclusion, because of poor retention, the miniboluses used in this study cannot be recommended for general administration for the e-ID of goats under US conditions, although further research with a greater number of animals is warranted to assess the influence of goat breed on bolus performance. Standard sized boluses with suitable weight and specific gravity have proven to be easily and safely administered and to offer suitable retention according to ICAR and USDA requirements, irrespective of goat breed. The visual flag-button plastic ear tags used in this work did not fulfill the official ID requirements, and their performance strongly depended on goat breed. Larger scale experiments comparing the performance of different ID devices in goats should be done to advice farmers on the single or dual ID system that best works for both the specific goals of the NAIS and the preferences of US goat industry. The results presented in this study confirm previous reports in the European Union on the use of ear tags and boluses for goat identification and registration. 
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